Recent empirical studies show a persistent gap between 'socially robust' knowledge produced by 13 transdisciplinary research projects and its ability to promote change on a large scale. Current 14 discourses about the 'project-to-science-and-practice-at-large gap' have focused mainly on exploring 15 various conditions that need to be fulfilled to produce 'socially robust' knowledge. Yet, those 16 discourses have rarely built on the broader literature of knowledge utilization, which Greenhalgh and 17 Wieringa (2011) emphasize acknowledges 'the fundamentally social ways in which knowledge 18 emerges, circulates, and gets applied in practice.' Their insights are helpful in advancing our 19 understanding of why transdisciplinary research projects do or do not contribute to sustainability on a 20 large scale. Expanding Jahn et al. (2012) model of transdisciplinary research, we present a revised 21 conceptual model of an ideal-typical, interactive, and iterative transdisciplinary research process that 22 adds two new phases from the field of knowledge utilization to their original three-phase model and 23 accounts for the social and relational nature of knowledge utilization. The revised model includes five 24 phases through which transdisciplinary projects operate in different order: (i) defining sustainability 25 problems, (ii) producing new knowledge, (iii) assessing new knowledge, (iv) disseminating new 26 knowledge in realms of both science and practice, and (v) using new knowledge in both realms.
Introduction

33
Transdisciplinary sustainability research is often expected to contribute to both societal and scientific 34 progress (Jahn et al., 2012) . The underlying assumption in this positive relationship is that fruitful 35 collaboration among scientific and societal actors in a particular context, combined with 'constructive 36 combination or integration' (O'Rourke et al., 2016) of different perspectives being brought together, 37 produce 'socially robust knowledge' (Nowotny, 1999 ) that contributes to solving sustainability 38 problems (Polk, 2014) . In the present article, we address this gap-which we call the 'project-to-science-and-practice-at-large- and Wieringa (2011), and Heinsch et al. (2016) . In particular, we conceptualize the link between 64 transdisciplinary research projects and science and practice at large while building on emerging 65 models of knowledge utilization that acknowledge "the fundamentally social ways in which 66 knowledge emerges, circulates, and gets applied in practice" (Greenhalgh and Wieringa, 2011, p. (2018)), studies show a persistent gap between 'socially robust' knowledge 80 produced by transdisciplinary sustainability research and its ability to promote change at a larger scale 81 (Cornell et al., 2013; Polk, 2014; Technopolis Group, 2018) . Discourses about the 'project-to-science-82 and-practice-at-large gap' in transdisciplinary sustainability research have tended to mainly focus on 83 various conditions that need to be fulfilled to produce 'socially robust' knowledge that then 84 contributes to solving sustainability problems (Polk, 2014) . These conditions include (i) participation 85 of a variety of actors from both science and practice in transdisciplinary research and (ii) integration 86 of knowledge from both science and practice. However, as Polk (2014) pointed out fulfillment of both 87 conditions "presumes the fulfillment of the third, which has two main interrelated parts, namely the 88 creation of a specific type of knowledge and the consequent effectiveness of that knowledge" (Polk, 89 2014, p. 442). Moreover, she added, it condenses underlying assumptions in the following claim: "In 90 transdisciplinary research, in-depth participation of stakeholders and the integration of relevant 91 knowledge from both practice and research in real-world problem contexts produce socially robust 92 results that contribute to solving sustainability-related problems" (Polk, 2014, p. 442 ).
93
Exploring how this claim is fulfilled in five case studies, Polk (2014, p. 447) concluded that "there 94 are a number of practical barriers between socially robust knowledge and the ability to contribute to 95 social change that persist even when these conditions are fulfilled." By focusing on the various 96 conditions needing to be fulfilled to produce 'socially robust' knowledge that then somehow 97 'miraculously' contributes to solving sustainability-related problems on a larger scale, discourses have 98 rarely built on the broader literature of knowledge utilization. This literature, however, offers 99 important insights on the inherently social process of knowledge utilization, which incorporates 100 different forms of knowledge from both science and practice and takes place within a complex system 101 of dynamic interactions between researchers and potential users (Ward et al., 2012) . Such insights 102 4 suggest that the 'project-to-science-and-practice-at-large gap' in transdisciplinary research might 103 better be conceived as being a problem of knowledge utilization, rather than solely a problem of 104 'socially robust' knowledge production.
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In this article, we treat knowledge utilization as a complex interactive and iterative process in which knowledge utilization. They also revealed that sometimes different disciplines used different terms to 112 refer to the same phenomenon; yet, at other times, the same term referred to different phenomena. For 113 some, knowledge utilization was a process rather than a discrete event that took place at a certain time 114 (Pregernig, 2006) , while for others it involved multiple stages that occurred sequentially and 115 sometimes iteratively, ranging from reception, cognition, reference, effort, influence to application 116 (Landry et al., 2001a; Landry et al., 2003) . Further, for others, knowledge utilization was one stage 117 within a larger process including, for instance, 'knowledge generation, exchange, and utilisation' (cf.
118 Beal et al. (1986) 171 Lewenstein (2002) introduced the term 'deficit model' to express a overly simplistic idea of lay 6 people. According to the deficit model lay people are eager to be informed by experts, while assuming 173 "that better understanding leads to greater support" (Lewenstein, 2002, p. 2) .
174
The distinction of two modes of knowledge production is a third influential discussion (Gibbons, 175 1994; Klein, 1990 Klein, , 1996 Nowotny et al., 2001) : 'Mode 1' knowledge production is located in 176 scientific institutions and structured by scientific disciplines. Problem-definition, problem-solution, 177 and peer review take place inside the academic context with the aim to provide reliable, universal and 178 context free knowledge. In 'Mode 2', knowledge is produced and assessed by heterogeneous teams in 179 transdisciplinary collaborations among research, policy and practice. Whereas 'Mode 1' knowledge 180 needs to be 'translated' to be applied in practice, 'Mode 2' knowledge is produced in the context of 181 application and considered contextualized and 'socially robust' (Gibbons, 1994; Greenhalgh and 182 Wieringa, 2011; Van de Ven and Johnson, 2006) . Though the notion of 'Mode 2' knowledge 183 production has raised considerable criticism (Hessels and van Lente, 2008) , the four models can be 184 located between these two extremes with the science push model on one extreme ('Mode 1') and the 185 interactive model on the other ('Mode 2') and the demand pull and dissemination model in-between. conceptualize transdisciplinary research processes as an effort to combine two processes of 322 knowledge production: a societal process, in which users/organisations address a particular 323 sustainability problem, and a scientific process, in which researchers carry out research on that 324 particular problem. We reframe the societal process as the realm of practice to emphasize the standard 325 it seeks to satisfy: appropriateness or adequacy (as compared to the scientific process that seeks to 326 satisfy the standard of validity and truth (Pohl et al., 2017, p. 44) ). In the following we briefly 327 describe the five phases of our revised model of an ideal-typical, interactive and iterative 328 transdisciplinary research process. 
